The α-nitrosostyrenes 2, generated in situ from α-halogeno oximes, underwent regioselective cycloadditon/ nucleophilic reactions with N-arylamino 1,3-diazabuta-1,3-dienes 1 leading to a mixture of imidazoles and cyclic nitrones shown to have structures 3 and 4, respectively, by X-ray crystallographic analysis. The structure 4 for cyclic nitrones was also supported by their 1,3-dipolar cycloaddition with dimethyl acetylenedicarboxylate (DMAD). The thermolysis of nitrones 4 gives imidazoles 3 via oxadiazine intermediates 6.
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reported an unusual [3ϩ2] cycloaddition of α-nitrosoalkenes with carbon-nitrogen double bonds of oxazines and failed to observe any reaction of α-nitrosoalkenes with various other cyclic or acyclic compounds bearing a carbon-nitrogen double bond. A recent disclosure from our laboratories has shown a generalised and unusual [3ϩ2] cycloaddition mode with carbon-nitrogen double bonds of various polarised 1,3-diazabuta-1,3-dienes and imines 8 resulting in an easy access to various heterocyclic N-oxides. It was thought worthwhile to extend such studies to N-arylamino 1,3-diazabuta-1,3-dienes where additional regioisomeric cycloaddition modes are possible because of the likely existence of tautomeric forms 1a and 1b. These 1,3-diazabuta-1,3-dienes were found to follow [4ϩ2] cycloaddition/nucleophilic reactions with various ketenes leading to a variety of substituted pyrimidinones.
9
Thus, the reactions of 1-aryl-2-methylthio-4-(N-arylamino)-4-phenyl-1,3-diazabuta-1,3-dienes 1 with α-chloro oximes, in the presence of sodium carbonate in methylene chloride resulted in the formation of a mixture of products (Scheme 1), which were easily separated by column chromatography, and characterised as 1,4-diaryl-2-[N-arylamino(phenyl) methyleneamino]imidazoles 3 and 1, 4-diaryl-2-[N-arylamino(phenyl) methyleneamino]imidazole 3-oxides 4 on the basis of their analytical and spectral data. It is possible to discern a number of alternate structures for these products on the strength of their analytical and spectral data. The detailed spectral features are discussed in the Experimental section, however, only the salient features are mentioned here.
1 H NMR of 3 and 4 indicated the absence of methylthio and methylene protons and the presence of vinylic and NH protons. The mass spectrum of 4 exhibited M ϩ and M ϩ Ϫ 16 peaks diagnostic of nitrones. However, the structures of imidazole 3f and imidazole N-oxide 4c were determined unambiguously by X-ray crystallography ( Fig. 1 and Fig. 2 ). Bond lengths and bond angles in all the four aryl rings (A, B, C, D) in both the compounds 3 and 4 are normal. The C1-N2 bond is shorter than the C2-N2 bond in both compounds showing a partial double bond character in the former bond of the imidazole ring. Similarly, the C4-N3 bond in 3 and 4 is close to partial double bond length (1.322 ± 3 Å) . Also, the C1-N3 bond length is shorter than a C-N single bond (1.472 ± 5 Å) and is closer to C-N partial double bond distance, more so in compound 4. These bond lengths indicate a delocalisation of electron density in the region N2-C1-N3-C4-N4. In both compounds, the fragment N2-C1-N3-C4-N4 is almost planar (deviation ~0.1 Å from a least square plane). All the four aryl rings and the imidazole ring are planar. The aryl ring substituted at N1 is rotated with respect to the imidazole ring to an almost equal extent [dihedral angle 54.7(2)Њ and 56.5(2)Њ] in 3 and 4, respectively, whereas the ring (C24-C29) is rotated more in 4 than in 3 [36.5(2)Њ and 27.8(3)Њ, respectively]. The torsion Scheme 1 Reagents and conditions: Na 2 CO 3 , CH 2 Cl 2 , 2-3 h. angles in 3 and 4 are comparable except for the rotation about the C1-N3 bond. The C1-N1 bond is in syn (Ϫ10.5Њ) and the C1-N2 is in anti (170.3Њ) conformation with respect to C4-N3 in 3, but in 4 the C1-N2 bond moves towards a gauche conformation (45.8Њ) and the C1-N1 bond is rotated (Ϫ144.2Њ) by about 26Њ in comparison to 3. There is a strong intramolecular H-bonding intraction between O1 and N4 via the proton of the amino nitrogen in 4. The N4 acts as a H-bond donor and O1 is an acceptor, giving rise to a H-bonding N4 ؒ ؒ ؒ O1 distance of 2.62 Å and H4 ؒ ؒ ؒ O1 distance of 1.86(1) Å. A solvent molecule was detected in the crystal structure of imidazole 3 and was present on the centre of symmetry. The solvent is in a chair conformation with C32 and its centrosymmetrically equivalent carbon atom occupying the apical position. The probable mechanistic pathways for the formation of products 3 and 4 are outlined in Scheme 2. In this scheme it is assumed that the initial nucleophilic attack by the arylamino nitrogen (N-1 of 1a) on the trans form of α-nitrosostyrene, as in reactions of morpholine, conditions to yield imidazole 3. The intermediates 6 and 8 are probably obtained from the interconvertible cis and trans intermediate 9 formed by the initial nucleophilic attack by N-1 of 1,3-diazabuta-1,3-diene 1b on α-nitrosostyrene. However, AM1 calculations performed on 1a and 1b have indicated that N-1 in structure 1a, having greater charge density than N-1 in structure 1b, is more nucleophilic.
9a Also, tautomer 1a is more stable than 1b by about 0.81 kcal mol
Ϫ1
, indicating the possible predominance of tautomer 1a in solution.
9b On the basis of these results it may be concluded that imidazole 3 and nitrone 4 are probably the result of reaction sequence 1a→5→6 ϩ 8→3 ϩ 4 (Scheme 2).
The N-oxide structure was further confirmed by its 1,3-dipolar cycloaddition reactions with DMAD. Thus, the treatment of 4 with DMAD in methylene chloride at room temperature resulted in the formation of adducts 10 in quantitative yields (Scheme 3). The structure 10 assigned to these products was based on their IR, mass, 1 H and 13 C NMR spectral data. The product 10a, for example, analysed for C 36 H 32 N 4 O 5 exhibited a molecular ion peak at m/z 600. Its IR spectrum showed strong peaks at 1748 and 1723 cm Ϫ1 due to ester carbonyls. Its 1 H NMR showed, in addition to aromatic protons, singlets for two methyl protons (δ 2.37 and 2.40), two ester methyl singlets (δ 3.58 and 3.85) and an olefinic proton (δ 5.36). It also exhibited a broad singlet at δ 12.63, exchangeable with D 2 O, which was assigned to a NH proton. Its 13 C NMR spectrum was also in agreement with the assigned structure.
The thermolysis of heterocyclic nitrones has been reported to yield interestingly rearranged heterocycles.
8 In order to gain further insight into the mechanistic aspects of these transformations, it was thought worthwhile to carry out the thermolysis of nitrones 4. Thus, the thermolysis of nitrones 4 in refluxing xylene resulted in their conversion to the corresponding imidazole derivatives 3 (Scheme 3). It is presumed that at a higher temperature the nitrone structure 4 is interconvertible with the oxadiazine intermediate 6 which as usual yields imidazole 3 via deoxygenation of bicyclic intermediate 7. This is another valuable addition to the rare examples of nitrone→oxadiazine→ imidazole interconversions.
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Experimental
Melting points were determined with a Toshniwal melting point apparatus and are uncorrected. IR spectra were recorded on a Perkin-Elmer 983 infrared spectrophotometer.
1
H NMR spectra were recorded in deuteriochloroform, with a Bruker AC-F 300 (300 MHz) and Varian 390 (90 MHz) spectrometer using TMS as internal standard. Chemical shift values are expressed as δ (ppm) downfield from TMS and J values are in Hz. Splitting patterns are indicated as: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet and br = broad.
13
C NMR spectra were also recorded on a Bruker AC-F 300 spectrometer in deuteriochloroform using TMS as internal standard. Mass spectra were obtained by electron impact at 70 eV. Column chromatography was performed on silica gel 60-120 mesh.
X-Ray structure determination
The crystals used for X-ray study were grown by recrystallisation in 1,4-dioxane for compounds 3 and 4. The crystal data, parameters of data collection and refinement results are in Table 1 . † The unit cell dimensions were determined by least- † Full crystallographic details, excluding structure factor tables, have been deposited at the Cambridge Crystallographic Data Centre (CCDC). squares using 25 centred reflections using graphite monochromated Mo-Kα radiation. The data were corrected for Lorentz and polarisation effects. No correction was made for absorption. Both the structures were solved by direct methods. The non-hydrogen atoms were refined anisotropically and hydrogen atoms were located using geometric considerations. Poor quality of the crystals restrained the data collection up to a 2θ value of 40Њ. Due to the limited data, the parameters/data ratio is low and probably leads to slightly high thermal parameters in the case of some atoms. All calculations and graphics were performed using SHELXTL-PC.
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Starting materials
All the N-arylamino 1,3-diazabuta-1,3-dienes 1 were prepared following the reported procedures.
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Reactions of N-arylamino 1,3-diazabuta-1,3-dienes 1 with -nitrosostyrenes. General procedure A solution of N-arylamino 1,3-diazabuta-1,3-dienes 1 (4 mmol) and α-chloro oxime (4.2 mmol) in dry CH 2 Cl 2 (40 ml) was stirred at room temperature in the presence of anhydrous sodium carbonate (0.64 g, 6 mmol) for 2-3 h. The deposited salt 123.4, 124.0, 124.5, 125.1, 126.8, 126.9, 128.0, 128.6, 128.9, 129.6, 129.8, 133.8, 135.5, 137.2, 137.7, 140.1, , 157.1 (C-amidino); m/z 414 (M ϩ ). (C-4) , 121.8, 123.0, 123.4, 123.9, 124.5, 125.1, 125.2, 126.7, 127.0, 127.8, 128.0, 128.1, 128.3, 128.6, 128.7, 128.8, 129.2, 129.5, 129.8, 129.9, 130.3, 134.9, 136.8, 140.6 (C-2) 121.7, 123.0, 125.2, 126.3, 128.0, 128.1, 128.2, 128.8, 129.2, 130.2, 130.3, 134.0, 134.7, 136.6, 140.6 (C-2) 6.92 (d, J 7.7, 2H, ArH), 3H, ArH; consisting of 6.99 (d, J 8.9, 2H)], 8H; 7H, ArH and 1H, olefinic), 1H, ArH), 7.53 (d, J 7.7 , with fine splitting, 2H, ArH), 7.58 (d, J 8.9 , with fine splitting, 2H, ArH), 7.82 (d, J 8.3, with fine splitting, 2H, ArH), 12.79 (br s, exchangeable with D 2 O, 1H, NH); δ C (75.5 MHz) 55.6 (OCH 3 ), 113.0 (C-4), 114.0, 123.4, 123.9, 124.4, 126.4, 126.7, 128.0, 128.6, 128.8, 129.5, 129.7, 130.9, 133.9, 135.6, 136.9, 140.2, 150.2 (C-2) ; 75.74; H, 5.31; N, 12.15 6.82 (d, J 8.0, 2H, ArH), 1H, ArH), 5H, ArH), 2H, ArH), 2H, ArH), 6H; 5H, ArH and 1H, olefinic) 113.3 (C-4), 114.3, 121.8, 122.9, 126.6, 127.0, 128.0, 128.2, 128.5, 128.6, 129.5, 129.8, 130.2, 130.3, 134.9, 140.6 (C-2), 140.8, 158.1 (C-amidino) 114.0, 123.3, 123.8, 124.3, 126.3, 128.0, 128.8, 129.3, 129.5, 129.7, 131.1, 135.6, 136.3, 136.9, 140.2, 150.0 (C-2) -4), 114.3, 121.8, 122.8, 125.0, 126.6, 127.0, 128.0, 128.6, 129.3, 129.9, 130.2, 130.3, 134.9, 138.2, 140.8 (C-2) Chlorophenyl)-2-[phenyl(p-toluidino)methyleneamino]-4-(p-tolyl) imidazole 3-oxide 4e. Yield 51%; mp [151] [152] 73.17; H, 5.08; N, 11.43. C 30 
2-[Anilino
2-[Anilino(phenyl)methyleneamino]-1-(p-methoxyphenyl)-4-
1-(p-
Dipolar cycloaddition adducts of 4 and DMAD
A solution of nitrone 4c/f (0.30 g, 0.50 mmol) and DMAD (0.06 g, 0.50 mmol) in dry CH 2 Cl 2 was stirred at room temperature for 45 min. The solvent was removed under reduced pressure and the residue chromatographed over a silica gel column (eluent: a mixture of EtOAc-hexane in 1 : 3 ratio).
